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Phenobarbital, a classical inducer of the drug-
etabolizing cytochrome P450 genes, induces a1-acid

lycoprotein gene expression through a PB-respon-
ive element (PBRE) located at position 2142 to 2126
rom the transcriptional start site. The aim of this
tudy was to investigate nuclear protein binding to
he PBRE sequence after PB treatment. Cyclohexi-
ide treatment showed that de novo protein synthesis
as not required for PB to induce AGP gene expres-

ion, pointing to post-translational modifications.
tudies of the DNA–protein complex with the PBRE
howed that phosphorylation status is a key regulator
f the binding capacity of transactivating proteins in-
olved in PB transcriptional activation. This DNA–
rotein complex, analyzed by southwestern blotting
nd UV cross-linking, involves three nuclear factors
ith molecular weights of 43, 52, and 65 kDa. Super-

hift and competition experiments showed that the
3-kDa factor can be related to C/EBPa and the 52- and
5-kDa factors to the two subunits of NF-kB. © 1999

cademic Press

Phenobarbital (PB) has long been known to induce
he expression of a large number of liver-specific genes,
specially those encoding drug- and steroid-metabolizing
nzymes (1, 2). The main enzymes responsive to PB are
ytochromes P450 2B1 and 2B2 (CYP2B1/2) (3-5); we
ecently found that PB increased the expression of the
1-acid glycoprotein (AGP) gene both in vivo and in
itro (6, 7), AGP being a member of the acute-phase
rotein family (8, 9). Although most of these inductive
ffects are of a transcriptional nature (6, 10), the pro-
ess by which PB activates nuclear gene transcription
emains unknown; both receptor-dependent and -inde-

1 Correspondence: Fax: 33 1 1 1 46 83 58 02. E-mail: biochimie.
en@cep.u-psud.fr.
Abbreviations used: AGP, Alpha-1-acid glycoprotein; C/EBP,
AAT enhancer binding protein; CYP, Cytochrome P450; PB, Pheno-
arbital; PBRE, Phenobarbital responsive element; SD, Sprague
awley.
93
oid receptor is thought to participate indirectly in CYP
ene induction by PB in hepatoma cells (12), in which
B treatment can lead to accumulation of an endoge-
ous steroid-like compound which then binds to its
pecific receptor to form a complex that directly acti-
ates CYP gene expression. The PB receptor protein
as not yet been identified.
As PB mainly induces gene expression through tran-

criptional activation, many teams have attempted to
dentify cis-acting elements of the CYP2B1/2 gene pro-

oter. Several responsive elements have been charac-
erized in proximal regions, with positive elements at
ositions 298 to 269, (13); 2199 to 2183 and 272 to
31, (14, 15); 261 to 245 and 2116 to 2129, (16); 264

o 245 and 2138 to 2119, (17); 2103 to 266, (18); and
89 to 273 (19); and negative elements at position
127 to 2160, (20). Functional analysis of these ele-
ents by using DNA-asialoglycoprotein complexes to

arget the DNA to the liver injection into the whole
nimal has been proposed as a model for the modula-
ion of the PB-responsive minimal promoter (21). An-
ther responsive element (an enhancer) has been lo-
ated in the far-upstream region of CYP2B1/2 genes,
etween positions 22155 and 22317 (22-25). Studies
ith transgenic mice have shown that an important PB
enetic element resides between 1.7 and 2.3 bp up-
tream of the CYP2B2 transcriptional start site (26).
As regards the AGP gene, we have previously dem-

nstrated in transfection experiments with primary rat
epatocytes that a 17-bp sequence, mapping to position
142 to 2126 from the transcription start site, can

onfer PB inducibility to a heterologous gene (27). This
equence is similar to that described in B. megaterium
nd rat CYP2B1/2 genes (19), and designated the “Bar-
ie box” by Shaw and Fulco (28). Furthermore, gel
etardation assays have shown that the Barbie box
equence of the CYP2B1/2 and AGP genes bind pro-
eins from rat liver nuclei in a PB-dependent manner
n vitro (19, 27). The aim of this study was to determine
he nature of the proteins binding to the Barbie box
0006-291X/99 $30.00
Copyright © 1999 by Academic Press
All rights of reproduction in any form reserved.



sequence of the AGP gene and leading to its activation
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fter PB treatment.

ATERIALS AND METHODS

Chemicals. Lyophilized sodium phenobarbital (Gardenal for
ubcutaneous or intramuscular injection) was from Specia (Paris,
rance). Calf intestinal phosphatase was from Boehringer Mann-
eim (Paris, France). Cycloheximide was from Sigma (St Quentin-
alavier, France). ATP (g32P) was from Amersham (France). AntiC/
BPa , antiC/EBPb, antiNF-kB p50/52 and p65 were from Santa
ruz Biotechnology (California).

Animals. Male Sprague Dawley (SD) rats (190-250 g) from
harles Rivers breeders (France) were housed at 21-24°C with a 14
-10 h light-dark cycle and laboratory chow (UAR, France) and tap
ater ad libitum.
They received daily 75 mg/kg phenobarbital subcutaneously for

our days. Control animals received the solvent alone. Liver speci-
ens were collected for the preparation of nuclear extracts, 24 h

fter the last injection.

Cell culture. Hepatocytes from SD rats were isolated and cul-
ured on Matrigel as previously described (7, 27). Three million
epatocytes were cultured in 10 cm2 dishes with 3 ml of culture
edium. PB 2 mM and/or cycloheximide 10 mM was added to the

ulture medium 24 h and 48 h after cell adhesion (three hours after
eeding).
Sixteen hours after the second addition of PB and/or cyclohexi-
ide, total cellular RNA was extracted for northern blot analysis.

Preparation of RNA and northern blot analysis. Total cellular
NA was prepared from primary hepatocyte cultures and analyzed
s previously described (27). Briefly, RNA was electrophoresed
hrough 1.2% formaldehyde-agarose gels and blotted onto Hybond N
embranes (Amersham, Les Ulis, France) by means of northern

apillary transfer, then hybridized to AGP and CYP2B1/2 cDNA
robes obtained as previously described (6). Isolated inserts of the
ecombinant plasmids were labeled by the random priming proce-
ure using (a32P) dCTP as substrate.
Autoradiographs were scanned by means of photometric densitom-

try (Sebia, Paris France) and results are expressed relative to
ontrol values.

Preparation of nuclear extracts. Nuclear extracts were prepared
y the procedure described by Andersen et al (29). All solutions
ubsequently used contained 0.5 mM PMSF, 100 mg/ml aprotinin, 5
g/ml leupeptin, 5 mg/ml pepstatin, 0.75 mM spermidine, 0.15 mM
permine and 1 mM b-mercaptoethanol, except for the dialysis buffer
hich contained 0.2 mM PMSF, 1 mg/ml aprotinin, 0.5 mg/ml leupep-

in and 0.5 mg/ml pepstatin.
Fresh rat livers were homogenized on ice with four volumes of

omogenization buffer (20 mM Hepes, pH 7.9, 20 mM KCl, 30%
ucrose). The crude cell pellets were resuspended and lysed in 30 ml
f homogenization buffer supplemented with 0.5% NP-40, and cen-
rifuged. The nuclei were washed twice with RSB (20 mM Hepes, pH
.9, 15% sucrose) and resuspended in one nuclear pellet volume (npv)
f extraction buffer A (20 mM Hepes, pH 7.9, 5% glycerol, 200 mM
aCl). One npv of extraction buffer B (20 mM Hepes, pH 7.9, 5%
lycerol, 600 mM NaCl) was added and the final NaCl concentration
as adjusted to 400 mM with 5 M NaCl. The crude nuclei were
xtracted at 4°C for 30 minutes and the extracted nuclei were pel-
eted for 1 hour at 100 000 g. The extract was dialysed against 20 mM
epes pH 7.9, 100 mM NaCl, 20% glycerol and 1 mM DTT, then

larified in a microcentrifuge before storage at 270°C.

Gel retardation assays. Gel retardation assays were performed
ssentially as described in the manual published by Ausubel et al (30).
The OL17GPA sequence for the Barbie box of the AGP gene (2142

o 2126) was the following: 59-CAGCCCAAAGCTGGCTT-39 (the
0-bp Barbie box consensus sequence is underlined) and the se-
94
GGC-39 (the 12-bp NF-kB consensus sequence is underlined).
Reaction mixes contained 20 000-40 000 cpm of end-labeled probe, 1

g polydI-dC and various amounts of nuclear protein in 6 ml of buffer
15 mM Hepes, pH 7.9, 4 mM Tris-base pH 7.9, 60 mM KCL, 1 mM
DTA, 1 mM DTT, 0.01% BSA, 10% glycerol). Binding reactions were
un for 15 minutes at room temperature. After adding 3 ml of loading
uffer, DNA–protein complexes were analyzed by electrophoresis on 7%
olyacrylamide gels in Tris-glycine buffer (50 mM Tris, 380 mM glycine,
.7 mM EDTA). Electrophoresis was run at room temperature at 200 V
or 3 h in 1 x Tris-glycine. For supershift assays, nuclear protein ex-
racts were incubated for 1 hour at 4°C with 1 or 2 mg of antiC/EBPa,
ntiC/EBPb, antiNF-kB p50/52, and antiNF-kB p65 antibodies, before
ixing with oligonucleotide probes.

Southwestern blot analysis. Rat liver nuclear protein extracts (60
o 80 mg) were separated on a 9% polyacrylamide-NaDodSO4 gel (31).
fter electrophoresis, the proteins were then transferred to Westran
olyvinylidene difluoride (PVDF) membranes by electrophoresis in a
uffer containing 25 mM Trizma base, 190 mM glycine, 20% meth-
nol. The sheets were blocked for four hours at room temperature
ith 5% (W/V) non fat dry milk in the binding buffer used for gel

etardation assays. The sheets were then subjected to a binding
eaction with 32P-labeled oligonucleotides used in gel retardation
ssays (106 cpm/ml) at 4°C in the presence of 10 mg/ml of polydIdC
nd 0.5% non fat dry milk. Sixteen hours later they were washed
hree times for 10 min in binding buffer, dried, and subjected to
utoradiography.

UV cross-linking experiments. The oligonucleotide 39-59 OL17GPA
as synthesized with 5-Br dUTP in its sequence: 39 GUCGGGUT-
CGACCGAA 59, and then annealed with the oligonucleotide 59-39
L17GPA. The double strand was labeled at its 59-terminus with

g32P)ATP by using T4 polynucleotide kinase.
Labelled DNA (2 ng) was incubated with nuclear extract (25 mg)

nd 1 mg of polydIdc in a total volume of 40 ml as described for the gel
etardation assay. The complexes were electrophoresed on 7% non
enaturing gel. The gel was then irradiated with UV (254 nm) for 30
in at a distance of 10 cm from the lamp, and autoradiographed

vernight at 4°C. The piece of gel with the retarded DNA–protein
as excised. Gel slices were incubated overnight at 4°C in 0.2 M Tris
H 6.7, 2% SDS, 10% b-mercaptoethanol, 20% glycerol, 0.2% bromo-
henol blue, before loading on SDS 9% polyacrylamide gel with
alidative protein markers. The gel was then dried and exposed to
-ray film at 280°C.

ESULTS

he Inductive Effect of PB on AGP Gene Expression
Does Not Require Protein Synthesis

To determine whether ongoing protein synthesis was
equired for AGP induction by PB, we examined the
ffects of cycloheximide on AGP transcriptional activa-
ion by PB. SD rat hepatocytes were cultured on Ma-
rigel and treated with PB, with or without 10 mM
ycloheximide, at a concentration that produces maxi-
al inhibition of protein synthesis (32). PB at 2 mM

ncreased AGP mRNA content, as previously described
6), and cycloheximide treatment did not inhibit the PB
ffects (Fig. 1). It is unlikely that these findings re-
ected a lack of synthesis blockade by cycloheximide,
ecause in PB-treated hepatocytes the increase in
YP2B1/2 mRNA content was totally abolished by cy-
loheximide treatment, as previously described in vivo
33-35). Thus, AGP mRNA induction by PB does not
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equire de novo protein synthesis, suggesting that the
ncrease in nuclear protein binding to the AGP Barbie
ox sequence in PB-treated hepatocytes is not related
o an increase in protein content but rather to post-
ranslational modifications of the corresponding pro-
eins (mainly their phosphorylation status).

he Phosphorylation Status of Nuclear Protein
Extracts Influences Their Binding Activity

To examine whether the phosphorylation status of
he nuclear protein extract influenced binding to the
is Barbie box elements, nuclear extract from PB-
reated and PB-untreated rat hepatocytes were incu-
ated with calf intestinal alkaline phosphatase and
hift assays were carried out with an AGP Barbie box
robe. To avoid a non specific effect of the phospha-
ases, all nuclear protein extracts were treated in the
ame conditions with phosphatase, while orthovana-
ate, a potent inhibitor of phosphatases, was added to
ontrols to inactivate phosphatase. Phosphatase treat-
ent totally abolished binding both in basal and PB-

nduced conditions (Fig. 2), showing that the phosphor-
lation status of nuclear proteins governs their binding
ctivity: dephosphorylated proteins were unable to
ind to the Barbie box sequence of the AGP gene.

articipation of 43-kDa, 52-kDa, and 65-kDa Nuclear
Proteins of Rat Hepatocytes in the Formation of
Retarded Protein-Barbie Box Sequence Complexes

To characterize nuclear protein binding to the Barbie
ox sequence, nuclear protein extracts from PB-treated
ats were analyzed by southwestern blotting with the
L17GPA probe, and by UV cross-linking experiments
ith the bromo uracil OL17GPA probe, as indicated in

FIG. 1. Effect of cycloheximide on the induction of a1-acid gly-
oprotein (AGP) gene expression by 2 mM PB. Hepatocytes cultured
ere treated after 24 h and 48 h with PB (2/1) and 10 mM cyclo-
eximide; controls were untreated. Total RNA was extracted 16 h
fter the second addition of PB and/or cycloheximide, and AGP and
YP2B mRNA were analyzed by northern blotting.
95
orresponding to molecular weights of 30, 43, 52, 65
nd 80 kDa were detected in southwestern blots (Fig.
A). These results, and the specificity of the bands on
outhwestern blots, were confirmed by cross-linking
xperiments. The calculated molecular weights of the
ands detected by cross-linking (Fig. 3B) were 43, 52,
nd 65 kDa. We always observed several bands in
outhwestern blots experiments, while only the 43-, 52-
nd 65-kDa species were detected in cross-linking ex-
eriments. On the basis of these results we propose
hat at least three distinct proteins (43, 52, and 65
Da) bind to the Barbie-box sequence.

he 43-kDa, 52-kDa, and 65-kDa Proteins Probably
Belong to the NF-kB and C/EBP Factor Families

As their size was comparable to that of members of
he NF-kB and C/EBP protein families, we examined
he possibility that the 43-kDa, 52-kDa and 65-kDa
rotein species were NF-kB or C/EBP factors. In gel
hift assays we examined changes in the binding of
hese proteins (contained in nuclear extracts) to the
arbie box sequence (OL17GPA probe) in competition
nd supershift experiments. As shown in Fig. 4, the
NA–protein interaction in PB-treated rats (lane 2
nd 3) was abolished by a 100-fold molar excess of
nlabeled Barbie box probe (lane 5), while the same
olar excess of heterologous probe had no significant

ffect on binding. As shown in lane 6, the NF-kB oli-
onucleotide specifically and completely competed for
omplex formation, indicating that NF-kB- or NF-kB-
elated factors interact with the PBRE. Moreover, the
mount of protein-DNA complexes obtained with the
F-kB probe (lane 10) was increased after PB treat-
ent, as previously described (36), while a 100-fold
olar excess of unlabelled NF-kB probe abolished the

inding of the NF-kB probe to nuclear protein extracts
lane 11).

FIG. 2. Effect of phosphatase treatment on the binding of liver
uclear extracts to the labeled nucleotide representing the PBRE
egion of the AGP promoter. The 32P-labeled probe (1 ng) was incu-
ated with rat liver nuclear extracts (20 mg) from untreated rats (C)
nd rats treated with PB. Extracts were pretreated with 2 U of CIP
calf intestinal phosphatase), with or without orthovanadate (a phos-
hatase inhibitor).



r
N
O
a
d
(
w
O
5
1

C
d
f
a

C/EBPb antibodies had no effect, as the intensity of
b

D

s
s
i
C
t
s
g
(
s
b
n
i

o
(
w
n
p
a
(

c
S
l
d
c
i
c
a
g
d
O

Vol. 254, No. 1, 1999 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
The same nuclear protein extracted from PB-treated
ats was then incubated with anti-p50/52 and anti-p65
F-kB subunit antibodies before incubation with the
L17GPA or NF-kB probes. As shown in Fig. 5, 2 mg of
nti-p65 (lane 5) or anti-p50/52 (lane 7) strongly re-
uced the binding obtained with the OL17GPA probe
lane 3). To determine the specificity of this interaction,
e performed supershift assays using NF-kB as probe.
ne microgram of each antibody (anti-p65 or anti-p50/
2) was sufficient to reduce the binding intensity (lanes
1 and 12) and to shift the bands upwards.
When supershift assays were performed with anti-
/EBPa or anti-C/EBPb-antibodies, we also observed a
ecrease in the binding of nuclear proteins extracted
rom PB-treated rats with the OL17GPA probe and
nti-C/EBPa antibodies (Fig. 6). Treatment with anti-

FIG. 3. (A) Southwestern blot of nuclear proteins extracted from
ontrol rats (C) and PB-treated (PB) rats. Proteins were resolved by
DS-PAGE. After transfer, membranes were hybridized with 32P-

abeled OL17GPA probe. The molecular weights of the bands were
etermined by comparison to a molecular weight marker. (B) UV
ross-linking of the protein complexes formed with OL17GPA, when
ncubated with liver nuclear extracts from PB-treated rats. The
ross-linking experiments were carried out as described in Materials
nd Methods. The bands were detectable after exposure of the dried
el to X-ray film at 280°C. The molecular weights of the bands were
etermined after correction for the contribution of single-strand
L17GPA to the total molecular weight.
96
inding was similar to control values.

ISCUSSION

The response to PB in many species involves tran-
criptional activation of numerous target genes. Many
tudies have focused on the molecular events regulat-
ng PB transcription of these genes, and particularly
YP2B1/2. The aim of the present study was to inves-

igate the molecular mechanisms underlying the tran-
criptional activation of another PB target, the AGP
ene. In vivo and in vitro studies in this laboratory
6,7) have led to the conclusion that the 2142 to 2126
equence of the AGP promoter harbors a pheno-
arbital-responsive element and that the increase in
uclear protein binding to this sequence is functionally

nvolved in the PB transactivating pathway (27).

FIG. 4. Electrophoresis mobility shift assays with the labeled
ligonucleotides representing either the PBRE domain (OL17GPA)
1-7) or the NF-kB consensus sequence (8-11). The 32P-labeled probes
ere each incubated without (lanes 1 and 8, “P”) or with rat liver
uclear extracts (20 mg) from control untreated (lanes 2 and 9, “c”) or
henobarbital-treated rats (lanes 3, 4 and 10, “PB”). Competition
nalyses were performed with a 100-fold molar excess of OL17GPA
lane 5) or NF-kB (lanes 6 and 11) or heterologous probe (lane 7).
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Cycloheximide treatment of isolated and cultured
at hepatocytes showed that de novo protein synthesis
as not required for the increase in AGP mRNA in-
uced by PB, strongly suggesting that the nuclear pro-
eins which bind to the PBRE sequence are constitu-
ive and are activated post-translationally by PB. In
he case of the CYP2B1/2 gene, conflicting observations
ave been reported. Burger et al (37) suggested that de
ovo protein synthesis was required in the induction of
at CYP2B gene expression, as in our study. In con-
rast, Sidhu et al (38) reported that PB induction of
ytochrome P450 gene expression in rat hepatocytes
id not require de novo protein synthesis.
Among the post-translational modifications of nu-

lear transmodulating protein, changes in the phos-
horylation status of these target proteins (39) via
ellular protein kinase and protein phosphatase activ-
ties, appear to be the major regulatory mechanisms.
o assess the contribution of phosphorylation status to
he capacity of nuclear protein extracted from PB-
reated animals to bind to the PBRE sequence, we

FIG. 5. Electrophoresis mobility shift assays with the labeled
ligonucleotides representing either the PBRE domain (OL17GPA)
r the NF-kB consensus sequence. The 32P-labeled probes were each
ncubated without (lanes 1 and 8, “P”) or with rat liver nuclear
xtracts (20 mg) from control untreated (lanes 2 and 9, “c”) or
henobarbital-treated rats (lanes 3 and 10, “PB”). Antibody super-
hift assays were performed with 1 mg (lanes 4 and 11) or 2 mg (lane
) of anti-p65 antibodies, or with 1 mg (lanes 6 and 12) or 2 mg (lane
) of anti-p50/52 antibodies.Arrows indicate the supershifted bands.
97
inal alkaline phosphatase. Our results clearly show
hat phosphorylation status is a key regulator of the
inding capacity of transactivating proteins involved
n PB transcriptional activation, their dephosphory-
ated molecular form being unable to bind to the PBRE
equence. Several reports have recently suggested a
ey role of phosphorylation/dephosphorylation events
n transducing the PB signal, particularly in the case of
YP2B1/2. However, conflicting results have again
een obtained. Indeed, PB activated a protein kinase
hat enhanced the phosphorylation of a 26-kDa and a
4-kDa protein, which bound to a positive regulatory
lement of the CYP2B1/2 promoter (21); moreover, in
rimary rat hepatocytes, PB treatment resulted in
ransient phosphorylation of a 34-kDa nuclear protein,
n event that preceded the increase in CYP2B1/2
RNA accumulation (40). These results are consistent
ith those of Nirodi et al (35), who reported that
-amino-purine, a general protein kinase inhibitor,
ad a potent inhibitory effect on PB-mediated induc-
ion of CYP2B1/2 gene transcription. In contrast, spe-
ific activation of the c-AMP-stimulated PKA pathway
esulted in complete repression of the PB induction
rocess in primary rat hepatocytes (41), and okadaic

FIG. 6. Electrophoresis mobility shift assays with the labeled
ligonucleotide representing the PBRE domain (OL17GPA). The 32P-
abeled probe was incubated without (C) or with rat liver nuclear
xtracts (20 mg) from phenobarbital-treated rats. Antibody super-
hift assays were performed with 2 mg of anti-C/EBPa or 2 mg of
nti-C/EBPb antibodies.
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ases, repressed the PB induction response in rat hepa-
ocytes (42). Our results on PB-mediated activation of
nother PB target gene confirm that direct phos-
horylation/dephosphorylation events are a key control
echanism in PB activation of several genes.
As described above, proteins of 26 kDa, 94 kDa (21)

nd 34 kDa (40) are involved in the DNA–protein in-
eraction leading to transcriptional activation of
YP2B1/2 genes. In the case of the AGP gene, when
tudied by southwestern blotting and UV cross-linking
xperiments, we found that three common molecular
eight proteins (43 kDa, 52 kDa and 65 kDa) appeared

o bind to the PBRE sequence after PB treatment.
In view of the molecular weight of the proteins bind-

ng to the PBRE sequence of the AGP gene promoter,
he 43-kDa species is probably C/EBP protein, while
he 52-kDa and 65-kDa species probably belong to the
F-kB protein family. Our results, obtained in gel shift
ssays, strongly suggest the involvement of the NF-kB
actor in the PBRE/protein interaction: an excess of
pecific probe for NF-kB protein abolished the binding,
hile anti-p50/52 and anti-p65 NF-kB subunit anti-
odies reduced it. When the AGP PBRE DNA sequence
59-CAGCCCAAAGCTGGCTT-39) was compared with
he NF-kB sequence (59-AGTTGAGGGGACTTTCCC-
GGC-39) and the C/EBP consensus sequence (TTG-
NGCTAATG), the DNA sequence of PBRE does not
ppear to be consistent with these consensus se-
uences. In our view NF-kB factor and C/EBP factors
ay interact indirectly with the PBRE, probably via a

rotein/protein interaction. This is consistent with re-
ults from supershift experiments, in which anti-
50/52 and anti-P65 only weakly inhibited gel shifted
omplexes, probably because other interacting proteins
emained bound to the probe. These other proteins are
nknown, but could be related to the 30-kDa and 80-
Da species observed on southwestern blots. The in-
olvement of NF-kB and C/EBP factors in PB induction
echanisms has already been investigated: the do-
ains from 242 to 266 of the CYP2B2 gene promoter

16) and from 264 to 245 of the CYP2B1 gene pro-
oter (17), which are involved in the regulation of PB

nduction, interact with members of the C/EBP family,
articularly C/EBPa. However, no correlation between
he level of C/EBPa or other C/EBP-related proteins
nd the induction of CYP2B1/2 genes by PB has been
escribed. It has recently been reported that PB, in
eneral, activates NF-kB factor in rats (36) and down-
egulates its expression (43) in gel shift assays.

In conclusion, we found that the DNA–protein com-
lex obtained with the AGP gene Barbie box involved
F-kB factors. These results are the first evidence that
F-kB factor plays a role in the transduction pathway
sed by PB to activate a target gene.
98
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